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ABSTRACT
Comprehensive recommendations on the diagnosis of Turner syn-

drome (TS) and the care of affected individuals were published in 1994.
In the light of recent advances in diagnosis and treatment of TS, an
international multidisciplinary workshop was convened in March 2000,

in Naples, Italy, in conjunction with the Fifth International Symposium
on Turner Syndrome to update these recommendations. The present
paper details the outcome from this workshop. The genetics and diag-
nosis of the syndrome are described, and practical treatment guidelines
are presented. (J Clin Endocrinol Metab 86: 3061–3069, 2001)

TURNER SYNDROME (TS) is a relatively common chro-
mosomal disorder, caused by complete or partial X

monosomy in some or all cells. TS affects approximately 1 in
2000 female live births, although it has been estimated that
only about 1% of 45,X fetuses survive to term and that as
many as 10% of spontaneous miscarriages have a 45,X karyo-
type (1, 2).

Short stature and gonadal dysgenesis are two of the char-
acteristic clinical features of the syndrome, although many
organ systems and tissues may also be affected to a lesser or
greater extent. The range of morbidities associated with the
syndrome can have a profound effect on quality of life, and
there is a clear need for an integrated multidisciplinary ap-
proach to treatment.

Since publication of the previous recommendations for the
integrated management of individuals with TS in 1994 (3),
important advances have been made in diagnosis and treat-
ment. The present paper updates the 1994 recommendations
and is based on detailed discussions at an international mul-
tidisciplinary workshop held in March 2000.

Diagnostic issues

Definition. Turner syndrome (or Ullrich-Turner syndrome)
may be defined as the combination of characteristic physical
features and complete or partial absence of the second sex
chromosome, with or without cell line mosaicism. The first
criterion thus excludes some individuals without clinical
features of TS who may, nonetheless, meet the cytogenetic
criterion. Patients with SHOX deletions are classified as hav-
ing TS if the deletion is proximal to the junction between
Xp22.2 and Xp22.3 (4, 5).

Prenatal diagnosis. Most prenatally detected cases of TS are
discovered incidentally during chorionic villous sampling or
amniocentesis performed for unrelated reasons, the most
common being advanced maternal age, which itself is not
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* These recommendations are the result of a consensus workshop
held in Naples, Italy, in conjunction with the Fifth International Sym-
posium on Turner Syndrome, March 23–25, 2000.
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associated with an increased incidence of TS (1, 6). Genetic
counseling before any prenatal genetic/chromosomal diag-
nostic procedure should always include discussion of the
possibility of sex chromosome aneuploidy. Certain ultra-
sound findings indicate an increased likelihood of TS. In-
creased nuchal translucency on ultrasound is frequently seen
in TS, but may also be observed in several trisomic syn-
dromes; the presence of a cystic hygroma makes the diag-
nosis of TS more likely. Other ultrasound findings suggestive
of TS are coarctation of the aorta and/or left-sided cardiac
defects, brachycephaly, renal anomalies, polyhydramnios,
oligohydramnios, and growth retardation. Abnormal triple
or quadruple maternal serum screening (a-fetoprotein, hCG,
inhibin A, and unconjugated estriol) may also suggest the
diagnosis of TS (7). Neither ultrasound nor maternal serum
screening should be considered diagnostic of TS, however,
and karyotype confirmation should be obligatory. Even
when the prenatal diagnosis has been made by karyotype,
chromosomes should be reevaluated postnatally (8).

Fetuses with a 45,X karyotype have a high probability of
being spontaneously aborted. Nevertheless, a 45,X karyo-
type, even with ultrasound evidence of cystic hygroma,
lymphedema, and effusions is not incompatible with deliv-
ery of a viable newborn. Current data indicate, however, that
many fetuses diagnosed prenatally are electively aborted (6,
8, 9). It is important for physicians and counselors to recog-
nize that studies providing genotype-phenotype correlations
are subject to considerable ascertainment bias, and that the
phenotype of an affected fetus may be difficult to predict (10,
11). This is particularly true in the case of mosaicism, where
45,X/46,XX and 45,X/46,XY may appear phenotypically nor-
mal. In such situations, even the likelihood of short stature
or infertility is impossible to predict. Physicians and genetic
counselors involved in pre- and postdiagnostic counseling
need to be fully informed about the prognosis, complications,
and quality of life of individuals affected with TS as well as
of recent advances in management. Prenatal counseling in-
volves a frank discussion of the variability of somatic anom-
alies, the high likelihood of short stature and ovarian failure,
and their correct management. It should be emphasized that
individuals with TS can be healthy, happy, and productive
members of society.

Although the most common forms of mosaicism (45,X/
46,XX and 45,X/46,XXiq) may modify the phenotype toward
normal, the degree of mosaicism detected prenatally is not,
generally, predictive of the severity of the TS phenotype (10).
In general, any of the features of TS may be seen with vir-
tually any of the common karyotypes (12). Again, it is im-
portant to recognize that published TS series are all charac-
terized by some degree of ascertainment bias. This is
particularly true for 45,X/46,XY mosaicism (mixed gonadal
dysgenesis), where, contrary to reports of frequent genital
abnormalities in patients diagnosed postnatally, most pa-
tients diagnosed prenatally have normal male genitalia (13).
These patients should not, therefore, be assigned the diag-
nosis of TS, although they merit repeat karyotyping on de-
livery and follow-up of their gonadal development and
growth postnatally.

Speaking with children and adults with TS and their fam-
ilies can be an important source of support for parents. It is

equally important that pediatric endocrinologists, reproduc-
tive endocrinologists, geneticists, and other physicians fa-
miliar with TS should be available to provide prenatal
consultation.

Postnatal diagnosis. Karyotype methods: All individuals with
suspected TS (see below) should have a karyotype per-
formed. Sufficient numbers of cells should be counted to
exclude low percentage mosaicism, although it is recognized
that this can never be totally excluded. Although a peripheral
blood karyotype is usually adequate, if there is a strong
clinical suspicion of TS, despite a normal blood karyotype, a
second tissue, such as skin, may be worth assessing.

Probing for Y chromosome material should be performed
in any TS patient with evidence of virilization, or when a
marker chromosome (a sex chromosomal fragment of un-
known origin, i.e. X vs. Y) is found (14). This can be achieved
by DNA hybridization or fluorescent in situ hybridization
using a Y centromeric or short arm probe and may require
probing of multiple tissues. Probing for the Sry gene may
fulfill this function, but it is important to recognize that
although Sry is associated with male gonadal differentiation,
it does not appear to be the gene responsible for gonado-
blastoma. Routine screening of all TS patients for Sry does not
appear warranted.

The presence of Y chromosome material may cause the
development of gonadoblastoma. The risk of this has pre-
viously been estimated as more than 30% (15, 16), although
more recent data suggest a lower risk of only 7–10% (17).
Even so, gonadectomy remains the procedure of choice to
exclude malignancy with absolute certainty. In instances
where patients or parents decide against gonadectomy, de-
tailed vaginal sonography supplemented with color Doppler
sonography of the gonads at regular intervals may be suf-
ficient to monitor some patients with Y chromosome
material.

Indications for karyotype: Clinicians should always consider
the diagnosis of TS in any female patient with unexplained
growth failure or pubertal delay. A karyotype to rule out TS
should be considered in phenotypic females with any of the
following clinical findings: in the newborn/infant: edema of
the hands or feet; nuchal folds; left-sided cardiac anomalies,
especially coarctation of the aorta or hypoplastic left heart;
low hairline, low set ears, and small mandible; in childhood:
short stature with declining growth velocity (growth velocity
,10th percentile for age), markedly elevated levels of FSH,
any constellation of the TS stigmata seen in the newborn
period or subsequently, or any constellation of the following:
cubitus valgus, nail hypoplasia, hyperconvex uplifted nails,
multiple pigmented nevi, characteristic facies, short fourth
metacarpal, and high arched palate; extensive and chronic
problems with otitis media; and in adolescence: absence of
breast development by 13 yr of age, pubertal arrest, or pri-
mary or secondary amenorrhea with elevated levels of FSH;
and unexplained short stature.

Pediatric management

As described for adults (see later), a multidisciplinary ap-
proach to treatment is important to improve the quality of life
of girls with TS.
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